COEXI STENCE OF PLURAL W RELESS COVMMUNI CATI ON TRANSCEI VERS | N CLOSE
PROXI M TY 5 BACKGROUND The present invention relates to wirel ess

t el econmuni cati on systens, and nore particularly to nethods and apparat uses
that enable nmultiple radio systens to operate in the sanme or close radio
spectra and/or | ocated geographically near to each other. 10Wen a few
decades ago, spectrumregul ations were ghanged to allow comercial radio
applications in unlicensed bands, interest was nmarginal. But this interest
has changed radically in the |ast few years. After the worl dw de success of
mobi | e t el ephony KKN%XﬁﬂﬁgﬁaE6HthUR6éﬁE6REyESSdﬂﬂ@ﬂﬂﬁh&CAEﬂoNuge | i cense
.fees have spurred the i ntER&¥SCEIVEREIIY GPSE PROXIMITY t he unlicensed
band. In the past few years, 15conmuni cations systens such as those
operatingin accordance with the Wreless Local Area Network (W.AN) | EEE
802. 11 standards and the BIuetootthE » &ﬁnhave been increasingly
deployed in the 2.4 GHz band. Mreover, new conmuni cati ons systens are

bei ng worked on, Buoelesas itwretidi ekt ss whRelk sacladonAn@acaNeh wtdms( MWaAN)react i vity

der |EEE 802.15. 20Radi t || d. is |imted. Despit
his, ubi qui BRI TR ORI oG e et TeCouPh MR Fakint berhbarage o T

foreseen in inhie saganr tldidiagio speiasd/encentddSedd@taphicdli thr @%ach Jther ent

standards, follow djfferen rotocols. Mdreover, regulations, initially
i ntended 't o provi e“faa{e?” C@?ﬁ’gjref ey Spfftémﬁc‘ier%‘?aé}ﬂ’ﬁ Verﬁg%’é%@ 8t%BWaI | ow f or

hi gher dat a doain@scialy&dio BRMIicRGdWRNnlfcb R8N bW ShRRSSwAS ML Mt $his The use of
an 25unlicensed band poses the chal | enge of coexistence. In the design

phase of a nBWsortnesd fadisaldysrtbidattdal yeas pBergperatidwida syssessghl i censed

band, the derﬂ(%i@@ﬁéphlaﬁ%int 1R A8 b8l Uipk Syl Mtai¥hd dnd MR £ XREEL RE, f.Qe Share the
band w t h: | ncunbent non-comuni cations: Power “unintentionally

radi ated by sediipheinterespl ediprpplcaiipeyioWeasliosnsersbangdi [ thoeas fyomaee of
Communt a1 B Bk Bt S A S ¥R o
Frequency- | dentliAegtitivonk (REANDIERE B02.51 sondosls enptreibingedh agaiagur bance
vor bt whi ch ol st B b B et £ DR R ¢ G ot r bances.
The only kneemnfuachidss sartend he beieg tvoilet ioonsich as the Wireless Personal Area
Network (WPAN) activity under IEEE 802.15.
20 Radio spectrum, even unlicensed, is limited. Despite this, ubiquitous
communications using several different standards is foreseen in the near future.
Coexistence is not trivial as different standards follow different protocols. Moreover,
regulations, initially intended to provide fair sharing, are constantly changing to allow
for higher data rates, yet moving away from robustness requirements, The use of an
25 unlicensed band poses the challenge of coexistence. In the design phase of a new
communication system that has to operate in the unlicensed band, the developer has to
design units that will be expected to share the band with:
. Incumbent non-communications: Power unintentionally radiated by equipment,
for example microwave ovens, will be a source of disturbance.
30 e Incumbent communications: Intended radiation by other communication
systems like for example WLAN, Bluetooth®, or Radio Frequency-Identification (RF-
ID) will also be experienced as disturbance when no coordination is applied.

. Future systems: Systems that do not exist yet but which will be built in the

future can cause severe disturbances. The only known factors are the restrictions



i nposed upon these systens by the regul ati ons. However, as di scussed
before, regulations are changing over tine, making predictions rather

unrel i abl e. Coexi stence can be handled in a nunber of different ways,
as will now be discussed. 5Interference mtigation by applying

di rect -sequence spreading or forward-error- correction coding can be
useful, but is usually insufficient due,to the near-far problem That is,
in ad-hoc scenarios in particular, a jamrng transnmtter can cone very

cl ose to a riepesedapon The: yowas by évetmlatiecei Nedeveans thussdddetué.f i ci ently
strong to bring the front-end of the.receiver into saturation, which causes
ol pptng. AdeBtaldS ot B RS e i R EoT i ond B JBE M. T hear of foct )
the effective gaiGredieen@asede hdelderis b hinnbdriod d)ffeasnd wiapd, @ widadvabd on product s
ari se. dAijgance is another nethod of mtigating interference.

Avoi dance i n"t9f€%can be applied by listening-before-talk or Carrier Sense
I\/UIht iple sAgceZ s/ @@th}fézsh&nmﬁﬁmod&@Qpplgﬁ@wné@g)squ&ﬁc@{ppéaﬂ?g ok fbrvaEErﬁ)@Z. 11hand
ot her standards.  However, this renders su ti sol utiops ause the
col | i si on meEREGTERER @gF@thelfse%e@ai QeGP RSH T FSPEI (A TERS T HEDRRE kot
Error Rate (PERk, fenandscairidshe psatulhes ahehing 66 Sfifaean t&hd Yery abkdo

Avoi dance in frequency is provided by fre uenc%,agfle technj ques. such as

Dynami ¢ Fr equ&ffVer Sehepe e veBremsyived fan thpsbenpf yeHeNSYY Hregi et es

where in 20thg of reQueney inkandirRioRerhith @d"u%ﬂcthﬁ)ﬁirn . AkQ r&gltioY e cﬁﬂqng _
subsequent|ly avoi ds these frequency segnents. This is fine when potenti al

j amer s Br oddbishimpessh poipliecsepidestse eteitaciogship depispses eppisidizgipngandont r ol
channel . HOWgMES ,quTRAS UldaDGs Qfebur sty data channels results in unreliable
measur enents. Hoppi ng provi des better nitigation methods based on frequency
avoi dance. Becaugeoskntehie ahahaanctlod|cdiiigatibg invaérnernche AR&idingt énidee cai gnal
and the ja W t I ' r<.do . col NGi. .. at her good
robustnessnggﬁpﬁg%o Hggﬁggagﬁ%aggg?%é%ﬂ%éﬁgﬁgggﬁg%ﬁ%%%&oﬁP%iﬁbrks when t he
j amrer s ar e Aaidaowd@ M AIGAewiapdied tin HEEENRI2pI1rgd otfley stwoiakis. Woemrvdratiyer s have

I d ) t,. t in th | band |1
S oY SRR bl BR O e SRaR PR L ¥ o e
for tinme hoppivegledds syskaytse Padket KkdrrateiPERb asdn{d MBhe Capist-s2 Radi o.

Ar rangi ng f%r t he diff§rent systens to use different frequencies is another
coexi st ence FEEHRIGUE’) B Rever, when the different transceivers are | ocated

in the very sanpvdeMh&sn Gleq@nty RIORWITS MHQidcE lpHEtetimiQREsRAQE her .
practical problens relatlga to filtering out strong interference result in
the use of dir@iditdyereecyn Haits IbEingehad i yeleBHfearyeaybsg v

i nt er f engnceybEINBRY tah8 offlf d-B8kQMerSHSLENE, MDlsBSSq iy svdid heeent frequency
bands are sufficiently separated from one anot her.

frequency segments. This is fine when potential jammers broadcast their presence
continuously, for example on a control channel. However, measuring on bursty data
channels results in unreliable measurements. Hopping provides better mitigation
methods based on frequency avoidance. Because of the large isolation between the
25  intended signal and the jammer when the hopper and jammer do not coincide, rather
good robustness can be obtained. However, frequency hopping only works when the
jammers are narrowband; likewise, time hopping only works when jammers have a low
duty cycle. Incumbent systems in the unlicensed bands usually are bandwidth
restricted but are rarely duty cycle restricted, posing a problem for time hopping
30 systems like Ultra-Wideband (UWB) Impulse Radio.
Arranging for the different systems to use different frequencies is another

coexistence technique. However, when the different transceivers are located in the



5More particularly, when the different systens are sufficiently separated
in frequency, coexistence is typically ensured by neans of filtering. In
this way the systens can be treated i ndependent of one another, as if the
ot her systens were not at all present. In such cases, the performance of
each systemw || be unaffected of operation of the other systenms. The cost
associated with this approach is the pqﬁgibility 10 of very hard

requi renents on the necessary filters. I'n addition, a filter al so causes
~attenuation %@ssmnﬁmWhBOd@sbﬂedmsigmaHoan@mnamﬁmmhemﬁMQem@ﬂGM>Ioss Thi s
:; ﬁs?lef, ;Snlgn degmnd?cv@]l e?ll;]lg IoEtI dogflglmftel{e{enge T gurﬂsm tpealtleslgg? d ft‘\?%ep?yg uencg l%ands

anot her in fMﬁ@Mﬁﬁﬁﬂmeﬁﬁéﬁﬁﬂimgwk&mQEM£waﬁhM?ﬂﬁ%ﬁﬁt$@ﬁﬁ$bhb&&bﬁhtIOn, due

to the very d requirenent o atten |on requi red to ensure that
t he victin1s@§%§ﬂV§%WFwﬁg$m%€“§ é?%%vsﬁﬁﬁF 8n°neaq%mlThus, often the

only feasible wayeok panexagdy enes thesdiffientusaenf atisifficdhiy Sop@atediin whi ch t he
systens are coordinated in tinge ﬁo t hat, no tmoiﬁﬁstenshﬂ%e active at the

sane tine. CHEUPRYyEPEFiSieated PEabyenset by dueaps o ftligHag ofn PisvY#i%i si on i s

that some Ki Me@lfs c&Pbd t@éaﬁbﬁaﬁdegaldeﬁtd@@ﬁ@adoml»sax%tﬁér&hawahwwb& fegded. For
instance, if is known one system that another systemis receiving,

t he forner n%”g%?“eﬂbIlayuqhtcéseﬁ’rthﬁéﬁf%@fi‘é?ﬁ ohtchesyste el pereafifriehot he 1atter.

Al ternativeldperdiBg ot @5 b8kr @x&hemrm Gt 2SHPRSEWIP i Hpkbaeh LNk pdtietimat i on
received in case it knows the former is transmtting, and instead rely on

that t hell nfdraathaghreguireoisatsoittes preassaidifiliass. thadsdidm. p&ilter 4119 cagssdi ng and
time interl %%h&%omospefstﬁé Qés}ie@%%{ia?tkn%ﬂvg 7L G810 mﬁqw.“&ﬁﬁﬁesuﬁé@or di nati on

bet ween the systens Is or exa yplca approach used when
BIuetooth(ryb@ndaMkﬂmmvmmhmaﬁagytaﬁeﬁmbwho@ameﬁﬁhﬂhghe sane device. A
met hod known as F\)ﬁ}%}%ethe Jlf 1en S sfg‘lr’ngl Férgttelvg fc(kflpg one> angﬁlgxﬂm ﬂ%ﬁﬁ n%pl s results
in one of the two standar |ng ven p |or|ty over one.
Priorities aHEthpuﬁa@h&yMaaédmmm:ﬂmﬂwhypet@ﬂwseanubmmuwmnmmoméwng carried
by the r spegti Vv st enp i f Qone . IS carrylng
oty seiter orou Gef b <hgly BEPRP ErmlsunPRG Binald) SV A Ticher
carrying data thahui, %ftwthe@ﬁly&yasﬁﬁeﬂﬁ'hﬁ bivedefiStefice, is fheluge clftrnd diaidjon, i'm gher

iori i ensitive service. -4-

priority ist al | iven to the dela

probl em wi t H‘”ﬁ@] fg} j 4L¢ eppeandet i&tti%ﬁ% tg%‘é‘@d‘”% VHIHEYRYTVE ROHE $4% hat  t he
systens t hatin@ €O i%@B rd1W¥ R doBkiktbdte By GianNOf tidOdikisWRlid thaF@meikitgt snce, it

m ght not be P053|ble to guarantee the desired Quality of Service (QS) of

one syst em iPllabqertionbetwgab g evsterpt psvallsly seaeln Bl ingangehf §ReFopmiRri ty.

Consi dengt hgys L}RH%{ ih‘a{‘adoﬂmey\’tysﬁahq i h&e§/mgg PR o el %éﬁtﬂel%y st emsbasia 1ot of
data to transm: this can seriously hanper the performance of the | ower

priority sy§?@ﬁﬂmsﬁ®pd@éﬂhmbderAﬁﬂﬁﬁ%@%{@n@uﬁavéemenahwv@PVHsﬁKﬂﬁgent
del ay const g }% 1H§o§mat‘%n 1%&%? iftad hﬁm%k@ hﬁ: DAV Dhshichh y@Qﬁc‘i iRlch P ¥, t han

t he ot hers. tomati cal avoring the her priority system under these
circunstancdyidanmbesukmcmmbeh@aMGMewwpymgpmﬁmxwvghbqﬁn@amﬂmng to work
properly. Trllntel leaving or possibly by retransmission mechanisms.

25 Coordination between the systems is, for example, the typical approach used
when Bluetooth® and WLAN technology are co-located in the same device. A method
known as Packet Traffic Arbitration (PTA) is used, and this results in one of the two
standards being given priority over the other one. Priorities are typically based on the
type of service that is being carried by the respective systems. For example, if one of

30  the systems is carrying delay sensitive data (e.g., voice or streaming video) and the

other is carrying data that is not delay sensitive (e.g., file download), higher priority is

typically given to the delay sensitive service.



10can happen, for exanple, as a result of the |ower priority systens having
excessively |l ong del ays between comuni cation of traffic which results in
| ost connections due to tineouts. If the systens are used for rel aying
information, things mght not work at all because the relaying function
only works if all involved systens work properly. Another problemwth
coexi stence solutions based on tine division is the poor 15utilization of
the avail able spectrum |If only one sy§€én1is used at a tinme, parts of the
spectrumwi | | al waysbleen wiluseeh doaxistdadeasolutiamsik&iSeoiime dindioafid ®atiwel y used
only as a guard band. Today, the Indystrial, Scientjfic and.Nedical (ISM
band at 2. 4-3°@8s ok gre bl Ly Ptk M BY BT SR PP PEBKol BET AR by WAN
Bot h of t hesgsiibie avpatdid-an@seeQodpgbeserGad(@s) bosmdylBmnmbikes phones,
and the percentage of phones that wll have both Bl uetoothO and W.AN.

t echnol ogy DAEPIETdHV G sYSHahianing a higher aderdy fopsider fhfyfparionthahishthfs used for
the cel | W arnigteapAaidystdrh k& %IB?o@a&tléltraM{:%méa@lrsemmil Knfgerpni cation
(GSM and W deband Code Division Miultiple Access ( ) are today | ocated
several hundieE@ iEe Qi 19 BT IPIHE SYSNI D AFPOSAME AN PG dave5exi st ence
bet ween for ﬂeaat»épggn%nw@élgﬂd?l@u&iﬁg,pm Q@Y%r Ady kRS ﬁﬁéégtqhﬁ%hétpaaﬁ@r ds has

been easily achieved by neans of filtering. However, he i ntroduction
of technol ogarbiie btheisn Antanaatidalhcievaunghihe highandripdiyisen nndar dges abi 1 ity for
M crowave ACGESShW.MAX) . r whi.ch, m 1 2m3:-2.4 CGHz
band, filtefﬁngﬁﬁéﬁ%t ndf‘lgﬂg%H |%ﬁgﬁﬁﬂyghgﬁ§3$§¥%§?g§$g?@%@@fﬂﬁfso, with
t he | nt ekhatdanhappendbi ¢:enBlTed ecornefithe BivicopserRY OB tanisMEviR@@&)esexdlensi on

band | ocate t,2.5-2.69 GHz, f.ilteri al gne m ght not suff.ice to ensure
coexi st ence s #1% bEern e B higt bl of B B, i B o PR S

t echnol ogy (tenguis. TDhSCEMMsaincluded ESFRAa iD)nfavatiod | thiaguaight dne wdridat2lld GHz
band, which in 3611) term.nology.is referred.to as Band  40. As these
vari ous conﬁﬁﬁ?ﬁ%&?6ﬂa%8£hﬁﬁgxﬁﬁgbwgk§H§@PBW?WFW§“WﬁﬁBQP§%?W?Vansceivers in
di fferent devi cesirotikepibleid RitpbRrBENcPRNBBAAbased Gh tidk dAS$drSik 8etpdof PDAS) ,

| aptop cqonputers, and the |like is increasing. This neans that cq-existence
bet ween di f f 1@HP“§€§F§W§k¢§”ﬁﬁjF§%u%OF%éTe%ﬁﬁnbﬁlﬁ?ﬁﬁéﬁ@&’FB“W e even
nore pronoungeirulwiin@whstoerBused for datatPREREQ6E, ankl brib&ivEI9SképdliLad L have

nmet hods and apparatuses that enabl e various radi o communi cation systens to

coexi st wit lBUaidPaBthot her in an efficient way.
Today, the Industrial, Scientific and Medical (ISM) band at 2.4-2.485 GHz is

used both by Bluetooth® technology and by WLAN. Both of these incompatible

20 technologies can be found in mobile phones, and the percentage of phones that will
have both Bluetooth® and WLAN technology built into them will increase in the
future. The bands used for the cellular standards, like the Global System for Mobile
Communication (GSM) and Wideband Code Division Multiple Access (WCDMA) are
today located several hundred MHz away from the ISM band, and ensuring co-

25  existence between for instance Bluetooth® technology and the cellular standards has
been easily achieved by means of filtering. However, with the introduction of
technology built in accordance with the Worldwide Interoperability for Microwave
Access (WiMAX) standard, which might be used in the 2.3-2.4 GHz band, filtering
might not be sufficient to ensure co-existence. Also, with the International Mobile

30  Telecommunications-2000 (IMT-2000) extension band located at 2.5-2.69 GHz,

filtering alone might not suffice to ensure coexistence with standards using the 2.4



10 SUMVARY It should be enphasized that the terns "conprises” and
"conprising", when used in this specification, are taken to specify the
presence of stated features, integers, steps or conponents; but the use of
these terns does not preclude the presence or 15addition of one or nore
other features, integers, steps, conponents or groups thereof. In
accordance with one aspect of the preseg; i nvention, the foregoing and

ot her objects are achieved in nethods and apparatuses for operating a
comuni cat i oGHdéWWidend. TRMT-2oitnuhinclaty 6. ABRISCOMAsnG EFI TR AITDD) vafl
concurrentl erati t,ranscei,ver.s, . operating in a respectively
G frorent o DREd T EP FOSEE SRyt SRR i RRSRER A Pe
plurality of concAxthentvhiyowspemaihiegidird@ngeehecems smmtd utesunbel bf St

transcei ver and a sec transceiver. Operation includes the fjrst

transcei ver %%%%?Yﬁi%%ﬂgﬂﬂﬁg?ﬂ%? ?595&?@%?8%?“BVmgﬂﬁugéﬁ%%ﬂ“%&E%?%eiver
are causing lpbeedepaaeend hedike @Ciat@ing0 fTHid@ednk Bt cd-EansLebY®keednd i f so,
per form ng qp& or nore interference responae actions. The one or nore

i nt er f er ence” FMEEPOHTEM RN JHYC AN d. PHSEEE & besPhP AW RYE REpOYIREd in

i nterferenceant fuit@k. an acceptable level and if so then taking no further
interference response actjons. However, if the interference is ascertained
to be at an unaccépichpr-dt kdsdrbletnayemprghods pad apppiahiseehiiepaioMations cat es an

interfer enCQ'&(ﬁﬁbEbﬂﬁﬁlh@E‘tiJﬂ%?H@lﬁ& tol BetiftewiBLGRMothEARSS BHN RNt way. - I'n an
aspect of such enbodi nents, the second transceiver is operating on a first

30frequelfcy in a first frequency band, wherein the first frequency band at
|l east partially overlaps with a pasg g/ or a transition band of a band
select filter of the first transceiver's receiver. -6- I n an aspect
of some enbodi nedtdodldvsicapbnizedihahtht iems figcemirisesy,ant Heonimisgf.evtence

mtigation r i A nel ude reques! or_the second.transceiver to
Cease opor ati b ahis FRiARkY I B RAUERT I ond R SPSRRE Ml RSS! [
i nstead to opesat @ngonents doothe ufer & guea eyms dodshmet freelsde the pgsspeyr band t hat

is nore attenuated.by the band select. 5filter of the first transceiver's
recej verl%t h a?.ﬁéﬂ?lﬂlé o? ?ri/e G n}oireé&tﬁgr@vurséﬁlategegs., steps, components or groups t%ereo .

In accordance with one aspect of the present invention, the foregoing and other
objects are achieved in methods and apparatuses for operating a communication
device. The communication device has a plurality of concurrently operating
transceivers, each operating in a respectively different one of a plurality of

20 communication systems, wherein the plurality of concurrently operating transceivers
includes a first transceiver and a second transceiver. Operation includes the first
transceiver ascertaining whether transmissions by the second transceiver are causing
interference in a receiver of the first transceiver and if so, performing one or more
interference response actions. The one or more interference response actions include

25 ascertaining whether the interference is at an acceptable level and if so then taking no
further interference response actions. However, if the interference is ascertained to be
at an unacceptable level, then the first transceiver communicates an interference
mitigation request to the second transceiver.

In an aspect of such embodiments, the second transceiver is operating on a first

30 frequency in a first frequency band, wherein the first frequency band at least partially
overlaps with a passband and/or a transition band of a band select filter of the first

transceiver’s receiver.



In sone enbodi nents, operating in a region of higher attenuation by the
band select filter of the first transceiver's receiver nmeans that the
second frequency band is in a stop band of the first transceiver's
receiver's band selective filter. In sone other enbodi ments, the first
transcei ver ascertains an anount by which 10t he second frequency band can
be pernltted to lie outside a stop band.of the first transceiver's
receiver's band select filter while nalntalnlng a level of receiver

per f or mance abovenanpspedetf epme erekbditheresérobidtent withwihp invbeticobger ved t hat

"l ying outsi nd" I n hin one
or both of tﬁﬁH%K% Bu%ﬁrungr?ﬂmggﬂgg§§r§ gaggmﬁﬁ%mggﬂ %“!¥r5%§f %bn band.
15I'n yet anoommmmgspdeﬁhgdpﬂuamyonhoﬂmtﬁapemmmmmdemimaamdewmaammmmludes t he

first transcelver receivin by the
second ¢ rancestydrESRy oh BRFLLFERER RROTRT m e B8RRI BY R SR e
i nf ormation ﬁhﬂ@fﬂkhﬁmeMEmvheMehﬂﬂﬁﬁdnhyﬁhﬁﬁk&ﬁamydamfﬁnscelVer
transm ssi ons |nla $roceé ascertalnln e q%_ ¥
frequency can be !P&PHT PPRYU! 6“1P338UE§P6é lé?dbg hﬁ&“Bﬂopﬁéﬂﬁ
20t ranscei vedelest @S SF Wefird ulMdelyv&a €diver hlch &Y thivhihd Rcmai fidqadidl Benddis| evel of
recei ver performance above a predeterm ned threshol d. In still other

embodi ment s, NP APEPFBF Bt BANFRTGALTGITEF shtndselertiel flliges a request for the

second transce'VQﬁq&ﬁegﬁéﬁﬁﬂ@Bﬁ&ﬁkl@@f@@u%ﬁ@a@&ﬁﬁ&x%ﬁﬁgMQQSMn%QNH%%flrSt
frequenc%bband and instead to operate on a frequency in a second frequency

band 5sifie pecapbbenusegytbnd ?Weﬁwﬁﬁd forlecuésideye giemieand pof @ fiednpl et eI y
within a stop,bapd. Qt‘ecévgasn%n§ @é@&tﬁu&' Jvﬂlfermaktam?g d 1ol bor fapgeei ver’
receiver. In yet other enbodi nents, terference mtigation request

i ncl udes a n@ﬁh@@¥w¢dKWth@Kﬁe@umm&iﬁaﬂbdélkewﬂbQOb@dwéémaﬂg@gwm@wea
transcei ver sj I THE

DRAW NGS Thet&%g}lgg}tif ab%gd 933%1/&2?11 t!érg}e{%lnts)}yl?%elﬂlﬁﬁ\?gé; Pi'on' wi Fe[ q%kgdterst ood hy
readi ng t he filel’s pwishagpddegion dreth taesgen pndon i n conjunction with the draw ngs
in mhicqs

g second

In yet another aspect, operation of the communication device includes the first
transceiver receiving information about a power level used by the second transceiver’s
transmissions. The first transceiver utilizes the information about the power level used
by the second transceiver’s transmissions in a process of ascertaining the amount by
which the second frequency can be permitted to lie outside a stop band of the first
20  transceiver’s receiver’s band select filter while maintaining a level of receiver

performance above a predeterimined threshold.

In still other embodiments, the interference mitigation request includes a
request for the second transceiver to cease operation on the first frequency in the first
frequency band and instead to operate on a frequency in a second frequency band. In

25  such embodiments, the second frequency band lies completely within a stop band of a
band select filter of the first transceiver's receiver.

In yet other embodiments, the interference mitigation request includes a request

for the second transceiver to reduce a second transceiver transmission power level.



FIG 1 is a block diagramillustrating coexistence problens that arise when
a Suser equi pnment conmmuni cates with an eNode B of a cellular

t el econmuni cati ons system usi ng one frequency band, and al so conmmuni cat es
wi th a second user equi pnent using a second frequency band. FIG 2
is a block diagramof exenplary receiver circuitry that utilizes filtering
to mtigate the effects of interference7 10FIG 3 is a graph show ng
frequency allocations of |SM conpati bl e equi pnrent and of LTE-conpatible
equi pnent . FI G 4BREZRDESEGREPBIOWORTHEDRPpMWENGRIel for an anplitude
function of a band selective filter _.in.a receivyer. FlG S bl.ock

di agram of an exe Ioi%ef/ts@l*—_‘y Khenagra of &g Wef’ﬂo%\”ﬁ@iﬁ?9?5308(?3331&%%8?éheoperati on
with any of QHBWImeﬂétaQidl (ﬁﬁhgﬂi'bﬁﬂfﬁoaﬁ?&mﬁiﬁﬁ}emé dwivtikpstih@hicavention. FIG 6
is, in one respect _ w_dj. agram of exenplary steps/processes carried out
by a user equi pmefiL: gr‘s ac@‘fﬁ%diﬁ?é ‘%‘lFﬁté?tE‘SFg?"t‘Ft EB’?O% HE?EIEW&E‘W WiS¥écts of the
i nventions i NuRRed@XHiERt &nym@iRedi i), e NSAOB AL BRI DESCRNATI AN dhe vari ous
features of the 1nvention will now be described with reference to the

figures, in SRieBHsingeae Faqueacyahand ¥d absperapupicttss W2 s5RRd PEf er ence

characters. equipment m% VREbRYRGASREGh. Of the invention will now be
described in greater detail in connection with a nunber of exenplary

enbodi ments. To fIAEI ? istadileckalipsiameer seambi nigcasacireHEy ey eiizesd filterifgny

aspects of t@%iii%‘(@%ieﬁ@ct@?ﬁnt@ﬁé&ﬁéebed in terns of sequences of actions to
be perfornmed by enents of a conputer system or other hardware capabl e of

execut i ni pr ogr arifed3 isnstrapichpwing frefjenay bllochdonsef byviiczaatithacquipmedch of

t he enbodi ma%%fﬂfﬁ%o&%rﬁbﬁ%@ u%gﬁé'n?ns coul d be performed by specialized
circuits (e.g., analog an of ‘i Scret e | ogic gates interconnected to

perform a speci alRlGedlisfaipnapthisbowying bypimple model for an amplitude function of a band
selective filter in a receiver.
FIG. 5 is a block diagram of an exemplary UE 500 adapted with circuitry to
15  enable operation with any of a number of embodiments consistent with the invention.
FIG. 6 is, in one respect, a flow diagram of exemplary steps/processes carried
out by a user equipment or components thereof in accordance with aspects of the

invention in an exemplary embodiment.

20 DETAILED DESCRIPTION
The various features of the invention will now be described with reference to
the figures, in which like parts are identified with the same reference characters.
The various aspects of the invention will now be described in greater detail in
connection with a number of exemplary embodiments. To facilitate an understanding
25  of the invention, many aspects of the invention are described in terms of sequences of
actions to be performed by elements of a computer system or other hardware capable
of executing programmed instructions. It will be recognized that in each of the
embodiments, the various actions could be performed by specialized circuits (e.g.,
analog and/or discrete logic gates interconnected to perform a specialized function), by
30  one or more processors programmed with a suitable set of instructions, or by a
combination of both. The term “circuitry configured to” perform one or more

described actions is used herein to refer to any such embodiment (i.e., one or more



30 one or nore processors programred with a suitable set of instructions,

or by a conbination of both. The term"circuitry configured to" performone
or nore described actions is used herein to refer to any such enbodi nent
(i.e., one or nore -8- specialized circuits and/or one or nore programed
processors). Moreover, the invention can additionally be considered to be
enbodi ed entirely within any form of conputer readable carrier, such as
solid-state nenory, magnetic disk, or optical disk containing an

appropriate s@cibedGRRiL Gid/dMhe bHRbIAISebRfed PRILLEAUSE B BT gressor L0
us, ’

Scarry out the techni ques described hereln. . e’various pects of
the inventi offVABRPHEN ediHenadly br sorsdayedfiore embpdied entirely vithin sacformafoft he

vari ous aspeecérfipér rbiiRbleRYRRE,s08h asABYd S | nent s..descri bed
above may be r oterred 1o herein as “I ogig}g%%l?]glﬁ%%% ggk’r%ro P g?%désq(

descri bed acfT¥HMTBAN APRIERTPAT $9) ef Sorpmuter|ingfuetians shat woeldfcensem: rockssath bed
action. 19TOcd¥ dut BRIEMiRBPIREH BHIheled. | BHS, AS PEFRS aYect BT ENLLEN and
understand its rits, the description involves severar speci FIE Rhown
conmuni cat i of#%t G ‘“I%)é‘\?’éﬁﬁ’;fe‘?‘_tfo'%%lﬂodedsé ofi iteraspercadpackradf théi s i s not

i ntended t o invéhtion] 16 sﬁ&%ﬁn%‘?e&h@dihﬂ“@l’&l& 8E&Eribdd ABBYe HEY be %?%r}e'&em%%{]aﬁ{[ ary,

the described .t echni ques can equally well be used in connection w ot her
conmuni cat i oft cf%?fé’?’&%(“%r@éﬁ?@?? EbEA pitiPAL 9r @dtemeti iebyray Bogit dratt he

il lustrated pediohes a 8éscEbainudabsls 1 s al so possi bl e. To further
facilitate an ungérstandi,ng of various inventive aspects, the description

is made for the CRJIBOTRSasiyiapRTesialevarigls 1Petisefhe nventicacol ungsestand ity Wi t hi n

a different mofUR &t sy REke Rk sRIfAGRIA Lot Mdbl .devi ce and
potential ly ,nt erferﬁP@dﬁg one anot her, Techni ques tor applying the various

i nventive 20 AEPELttS prrdersion thajthisignat duprded do limitthassopealithey appar ent
to those of imredii@inyangkidyl Tonhd &RaRy, tRfdeSribe@ad) bg el e.
FIG 1is a blqack dﬁgr aa% of an eN"%?e. B. (base gtggl?ia%érﬁ;&?%gjagfk‘%ﬁtggl | ul ar
t el econmuni #5149 'BETREFHERW{th pHhet gpramugisation standasds. sMpreoperegenaradization toe

cel | ul arl5commugiban thedNgst@iairRmbePel siMrdards s AMeGRkdsRCe Wi th the Third
Ceneration Partnershi %% Project's (3GPP's) Long Term Evol ution (LTE)
standards, and c ﬂ%‘b‘ﬂf"fz {itie 2p yRdersspnding of Yaripus ipventive gpeatsithpand. To
illustrate deerptsdrEisamads fdruid ¢08 & which bh§itwd §8hscEIsRERR bpdtkting Qdthirs
depi cted that Per.%as first transceiver circuitry designed to operate in

accor dance T GRTBUREYOR SFEM atere;losated Vidus shecomndarieaticbns take pl ace
in the 2.4- gotéiirifly GilerferSMithand andifier. STeRifuek FMPplyRIUBE O81E favehfGhinol ogy

utilizes, 30 adaptive frequency hopping spread spectrum techni ques, which
avoi d uz(? ng JHOF qdraascevers will begpastily grearertae those efisdisy skilbr ovi ng
resi st ance inah¢ &tlaferfréRENEAAGMiscicturel Nt erference. In the illustrated

aged i n Bl uet oot hO-conpati bl e

exanpl e, the fi\r,ﬁs‘[t:' yser e%ipmant 10l _is en(g .
communi cat i ons h I &5 2 blogh fiageay ofam sNode Br(basg station) 100 of geeliylpst user
equi pnent  lielkcathmOnic ooy 8y stéth O thistdRambR, BDAR entB-AQQ s EQeabl e t hese

comuni cations, the first user equipnment 101 includes second transceiver
5ci rcui try GESPREHOPYSYSIsaY Serrtesin 2eqosdangs with e Fhizdenseation Bartnerskinse of
the LTE5 Project’s (3GPP’s) Long Term Evolution (LTE) standards, and communications take

place in the 2.5-2.69 GHz band. To illustrate coexistence situations, a first user
equipment (UE) 101 is depicted that has first transceiver circuitry designed to operate
in accordance with Bluetooth® standards, and these communications take place in the
2.4-2.4835 GHz ISM band. As is well-known, Bluetooth® technology utilizes

30 adaptive frequency hopping spread spectrum techniques, which avoid using crowded

frequencies in the hopping sequence, thereby improving resistance to radio frequency



st andar d. In the exanple illustrated in FIG 1, the first
transceiver's comuni cations in the 2.4-2.4835 iz band are subject to
interference fromthe second transceiver's operation in the 25-2.59 d-1z
band, and (at |east in sone operating nodes) vice versa. 10The co-Ilocation
of the first and second transceivers within the sane device (e.g., the
first user equi pnent 101) nakes this especially problematic. As
expl ai ned i n the Background section, interference avoi dance and/or

m tigati on byntaréanse.ol the dlguencyexdnple shofirs( fidel epipmg) 10,sisanguged @rred nmeans
for achievin 1coefy}qi@t ence, pecause. tti ne d%vi Si on schedul it”{%% can

subst anti al | g‘%e&’éf G RGPS TSI EWE MHB ARETRRE USF CHNETSH e i nvol ved
systems. However , Thiras: SyiSdqeipment 1 apekahimndicses ¢libde eNadé Bequemey t hat
filtering is n n option, fhe existing nmeans ensuring coexi stence is
Lo resors t oetphahar gharsheHiph A Gaaisarpmen 1 i Ry BRI T el oss
conmmuni cas i OBir@ktsl @RIeEaSlobéidices a@ orldfdReritiodny diefsiveltsc b ek STE as
illustrated in FIG 2. In particular, FIG 2 is a block diagram of

20exenpl ary @&¥@der circuitry 200 that utilizes filtering to mitigate the

effects of interfgigNxanBle ilGal8GEFRd, EE 4R trak@eildronPast@dodsiom an
antenna 201 through a band selective filter (BSF) 203. The band sel ective

filter 203 it%hegd-dbamtivdddz bandragsupestio Higtasyisa Namcbe pasebidisefiyv s t he range

in W_hi ch theoﬂe?ﬁﬁil\{r?gle%i.fgﬁé’é Gﬁ@@a&farlncp@?-lteggin M&p@}alﬁ){g mtoaé% vifcie Iv&@ﬁ is used
to filter out interference fromother systens. Interfering 25signals from

t he samel®ystlamoniordtionef thodird rrdsrgandeithns@orerexidhp the samhdeem@-gsdhect i ve

filter 203 of.. : K ver, ’ .es in the | SM band, wll
remove int erguesfuesgcéeh%ﬁlg%p?%ng%%ﬁ tg{es C%p\flﬁv@]taﬁgp%%gﬁd, | i ke cellular systens
operating at for Avnsphned il86GaMdzoundoveiver interfateacd aoehoe dndom f or

i nst ance, ot h(—;l-r Bln%?}%rgognQ@Hgi ts o Al tetaat arglo&erati ng in

figatio ueic c{'vi];irogpﬂvl Niug!p%% rred.means qr achieving .
the | SM band™ W e suppqressyeél. e G ENARPE A S P BARET ™ ect i ve
filter 203 i®ekiypheaebyusotimt Aiisdsnd@thedilink®OanMdbstankhadly rddece thb&vplagsband i s
on the Ogder of 100 I\/Ez lgﬁ .baqrig%e{i dth of the transition hand m ght vary
dependi NG orPRRHPATCE ChRERL &1 TRERER eV S CPH HRW P V1N AT YHP R OPEYEEd°ng how
-10- narrow dife it fraqihés @R Hends GaRt BeopiRdethe axictineaRéas endnatiinge figures for
what can be achi eved are on the order of 20-40 MHz. The filtered signal

suppl i ed at PRESEIREPULC BT IASMSIAESI QRIS REAIONt er 203 i s

A receiver in a wireless communication system constitutes a number of
different blocks, as illustrated in FIG. 2. In particular, FIG. 2 is a block diagram of
20  exemplary receiver circuitry 200 that utilizes filtering to mitigate the effects of
interference. The received signal is first passed from an antenna 201 through a band
selective filter (BSF) 203. The band selective filter 203 is a bandpass filter with a
passband corresponding to the range in which the received signal can be located.
Typically, this filter is used to filter out interference from other systems. Interfering
25  signals from the same system will not be attenuated. For example, the band selective
filter 203 of a Bluetooth® receiver, which operates in the ISM band, will remove
interference that is outside of the ISM band, like cellular systems operating at for
instance 1800 MHz. However, interference from, for instance, other Bluetooth® units
or from WLAN units that are operating in the ISM band will not be suppressed. The
30 . bandwidth of the band selective filter 203 is typically on the order of 100 MHz. That
is, the passband is on the order of 100 MHz. The bandwidth of the transition band

might vary depending on what is needed. However, there is a limitation regarding how



typically anplified by a | ow noise anplifier (LNA) 205 and then
down-converted from 5radi o frequency (RF) into a baseband signal by a m xer
207 that receives, at one input, the RF signal fromthe | ow noise anplifier
205 and at another input, a matching RF signal supplied by a |ocal
oscillator 209. The baseband signal supplied at an output of the m xer 207
i's passed through a channel selective fjj.ter (CSF) 211 having a bandw dth
that corresponds to the bandwi dth of the signal. So, in the Bluetooth(r)
-10t echnol ogyaseantpe sansiiophiapthcanihe nidgrial rvaesanipéietigusesdbowviat tal\iéz,  t he
channel sel eghjv&s §iLbL & 2dt oyikgragl S0 have a bandwi dth of about 1 MHz.

The signal supplied at the output of the channel selective filter 211 is
t hen converted i nlths fAtesdrigas! soppliil gi thabutpstarfphemnt yelemiva filibroi)3tio- di gi t al

converter 213.. t . further progc in e rfarnmed in the digital
domai n. 15V\#§?1§§§' T eﬁgagﬁhé& g(gl eea(:n?pﬁi\?/ﬂé?1 gﬂ?'?)gbrogf ﬁ%}eg %f) Wg‘cﬁré‘@e“g%rgrﬁ%lnent
when it conesdibdregugupy ERBE)iing aitntebriderigntiey 4 hiter BAB thheerecitasansnt tped i n t he
same band, it ks Lhe band selective fil t,ﬁg Zdoz tag t . determ nes how vel |
interference TromSystens <in” 487 aent barad A De AE G B " Rase of
strong i nt erdigabnpeliddton lotdekcikyst200s Thabavahmd spahlenpplrl asausggtof 20

per formance degradation i s co ession of the_ low noise anplifier 205 and
t he ni xer 2(@‘?‘ gﬁ’ﬁfg&%§pﬁ%§?‘é &{}E&FI a’ﬁ‘ebﬁegﬁﬁlml{ﬂﬁ&%ﬁé?#‘ﬁggﬁéncy of the

i nt er f er encebahgwitith BAhASBeipandNe He AUV JifiR] dBSiiT 8d BrHghM@t hat the
band selective filter 203 only attenuates the interfering signal by a small

anount . 1Rs dSnSioRY ExaatRl i W e Sient Rar b 1seop biHA HBrBamEb ¢ vy

fundament al l¥jec@® fflicf b er §Plid aRPHARGNESIT RN Sedbhnovt fnt 51%1%{1 kepeRee,
namely, time division %schedul ing) and frequency division (filtering). The

probl em wi t Ht ths@ungt plethe phanpd gelegtive fidaiudldss thee cervaltpistea terignefidigigd on ti ne
for at |easty,QpRs 8 at Beid- oA MBI SN skEM3 JThe: Bl ekl latter is
that it m gﬁ’{n Eo% }é}? a ﬁ‘%{e flée{asi;og%ce, an?j’ Severtll?‘liglg# Fl%.lkéé&%\gggél le it will
typi cal | y i rerfodieddn the digisedenam | oss so that the performance of the system
enpl oyi it is rade V. ' . 3 interf ) To
addressrltg hese pro E&r;g?*%%?ﬁ‘gﬁ%légﬂ%%{}?eﬁ%?? gﬁgglﬁ icsotng)r?ﬁ én\}m%{h%?ﬁ ﬁgmlesnt\(/)enti on
make a fr equeproyssaigvitsifonndefthdt herbeagjrasolitdd iomhd easibhd ity tHerbyndig t o

ks 1111 orrRy Al Ero T ERL T n PP S B s Bl VT A GERE™ ™ T

enbodi nment s baiidsican 6ahanibain re-all ocating the interfering systenls operating
spectrumto a conpl et e%y. di fferent f_requenpy band. Alternatively, it can

i nvol ve just shi f%74g°t HONg 4HFTEwMer HogEhRy %?‘n%’Hé“%]?itP@FeF‘B?Iisﬁ@‘Cgﬁ?fstem 5a
littl e ot hipBrfédtinsadardda@sig BEMpR&Mh of the low nolelahlpliBROiBQRd 3RRg&tr Of sone
enbodi nents consistent with the invention is the introduction of a

~ g~

coor di nat i onVf-ufitt FORTIAEl RAEORIHE Vaet srishtengy of SIeiieAergirstiem domt can
experience k8RR 8f fk AR QNS AN HIRHR RhI S S HAEB BRIy ERGALed
carrier frequencies in accordance with their needs for interference
suppr essi on teripigiferingetignal by a small amount.

As explained above in the Background section, there are two fundamentally
25  different approaches for dealing with interference, namely, time division (scheduling)
and frequency division (filtering). The problem with the former is that it reduces the
available transmission time for at least one of the involved systems. The problem with
the latter is that it might not at all be feasible, and even if it is feasible it will typically
introduce an insertion loss so that the performance of the system employing it is
30  degraded even in the absence of interference.
To address these problems, various embodiments consistent with the invention

make a frequency division (filtering) solution feasible by trying to allocate the



10systens operating in adjacent frequency bands. These and ot her
aspects will now be described in further detail. To facilitate the use of
specific exanples, FIG 3 is a graph show ng frequency allocations of |SM
conpati bl e equi pnent and of LIE-conpatible equipnment. As can be seen in the
figure, LIE TDD node of operation is allocated to 2300 - 2400 MHz. The | SM
band 15 is allocated to 2400 - 2483.5 . An LI E extension band then
occupi es 2500 - 2690 MHz, which is partitioned as follows: 2500 - 2570 Mz
i's used as upldrfeking systpuEnepeeasionno &b@lﬁmqn@@etha25m@@szfl§@ﬁng/stieix éorued f or
LI'E TDD rmdelntf,a' ed%@%?xege(sgeg %n{e CITHJ%S%C%g tgx an Ie Zﬁ%g S I n LTE FDD
node. Suppose t Irst transceiver opera es |n accor

Bl uet oot h0 20sdrfendasdenm’ mopdnamg sgecﬂuzﬂ1865c@xﬁzte]yswffbamd;eqamtyﬂ:bnai a second
transcei ver i Si mu neously o n rdanc LE standards in
the 2.6 7. so By ERH s ARFHHHER s B ERAORE o birene S0 ol on
Dupl ex ( FDD) a tiodevitin thék‘_mmsfm@eld;y bami.whi ch the uplink (UL) transm ssions -
are allocated to 570 and ans i Ssions are
2l Focat ed t o 26205358 BP S ENBPE TP B GSENEH At e R R ot put
power from Linkodi&:tit?df dEH-amndioh haictiéleo fﬂaﬂﬂh%ﬂfe&!ﬂﬁ R4éks iRQWREterh Shat cak0 dBm
Furt hernore, suppose that the Blue,tooth(r) transmtter has a 1 dB

conpr essi on HEHPHINCE ey Tesince SemAEE AT MPIFATeAYNERGYS BAISAREAFLHE 0 an nput
referred thi ﬁéiﬁ@ﬁ&l@rm heHoRIa6 &P itPBE R heddk F&R3hte M reRR AU preskPndRM othér addi ti on,

suppose that the antenna coupling between the LIE transceiver and the
Bl uet oot H{ r ) sysioms apxsetéievie pdipeent rsugmy(iands.  t he power of the LTE signal is

attenuated by 15-gB efhd%%r&%)@&§mf ndw Qm&a%eﬂ#ﬁﬁ%@&%{q t9q faahgna to the

Bl uetooth(r) receiver antenn When a signa IS too
strong entertye vW@ffSp@rﬂwemmpbﬁ FGr 2 bei ayaph, shawing dxsaneaisly eﬂemswm“ M- i s that

the sensitiv € S that the
recei ved si gdﬁé‘?f’ag@&é‘ﬁlﬁ%i‘%‘ggé {IﬁTﬁ i&g%ﬁﬁ%ﬂ% @}slngbtgnAs %lgﬁjte &?E?Eshel nplies that
if the LTE tfrgns It dPD inede ohosmnation iswloadte® 2380 %Qﬁ) MHat ThéhESM berel ved
interfergnce t 00} h ransceiyver, will dBm the
sensi ti vﬁ]y i gl ‘i)\c,(}lg{g‘?fiadisé4 %%?%c?@% A ETE ef‘tenm?nat(’: nfiéheen Ocﬁlgleﬁz?azﬁgl& (f% ct ive
filter 203 nvightwhiel p phoitie odteasexsli@nt 200N 70 MM islusat dsepligit #eduberies

trans tt od -1EIOR SRPSsnmer2d Msdoney vor DB mrdesgi et Wi o
the | ow end iofiseli Red@blllkZRdlervids iSEE FDWthodeA gr aph 400 showing a si Wpl e

nodel for the 10anplitude function of the band selective filter 203 is
shown in PIG 4. SYROSHERE Sef BRISFYECroPEiRlss imirsordance g ihdlpelpeth@q by a

passbanador egi,a8a.40h hhal-o L33GHARM b4Q1 4Rl AR AkeWnli Rt 6 VEECEI VEr' s band of
operation and in practice can be w der than the band of operation. Signals

T orTT SO ST E

falling wtHhivritaeousoppabee egrordage vithdd Totngaidg ingihadls-3096Hebaed-ed -- an
interfering S%E(gﬂ@illym&ibgsebﬁa\{%e' Ptr§queHé)J D& sio%%ug]&r(%DD) mode of LTE is used,

in which the uplink (UL) transmissions are allocated to 2500-2570 MHz and in which
downlink (DL) transmissions are allocated to 2620-2690 MHz.

25 Moreover, suppose that the maximum output power from LTE is +23 dBm and
that the minimum output power is -10 dBm. Furthermore, suppose that the Bluetooth®
transmitter has a 1 dB compression point (CP) at -26 dBm, typically corresponding to
an input referred third order intercept point (IIP3) at about -16 dBm. In addition,
suppose that the antenna coupling between the LTE transceiver and the Bluetooth®

30  transceiver is -15 dB (i.e., the power of the LTE signal is attenuated by 15 dB in the

transfer from the LTE (transmit) antenna to the Bluetooth® receiver antenna).



15Adj acent to and on each side of the passband region 401 is what is herein
referred to as a "transition band (TB)" 403. The transition band 403 is
characterized by increasing attenuation the nore di stanced a received
signal is froma reference point within the passband 401. Interfering
signals lying within a transition band 403 are attenuated but, dependi ng on
their power |evels and distance fromthe, passband 401, 20nmay or may not be
sufficiently attenuated to noticeably degrade receiver perfornance.

Adj acent to and oWhen siighal tht iesoistongages iterfrdpane B3 efeava hestsohatdm t he
assbhband 401 band 405 of, the band
gel ective fil S%@?H@g% gh‘?tﬁﬁggs%%%gv’b? ff}fﬁfrlege“éelflsl etgladgég the na f)mou(?ﬂ%:tztil

i mpl enent at | bn rdveivebsgmib o eachileme 1 B c@tripesiat penmt d]hlstlh@héﬁ’t(ﬂetrlf o, for

exanpl e, atron is 25sufficient to ensure
that interf e]?g%g%nsﬂ%erlnlso? Wél?ut%&%i‘tg?rg%&bé‘é %ﬁ'b b‘“ﬁﬁ‘é% LU eb%‘ﬁ?)?%‘%eé i¥n in the
front - end ofthe Bhletc@d@ wa@fsceiver will be P3- 1888 dBERaRe fehoifvithie dggapd W0 dat  an

LTE si gnal trans itted a inally attenuated
becausg it coinci B’Sa‘:\}ﬁe &' éé‘?cfge!\)épzi’@r%t%l“ﬁgfr%‘f ﬁ‘ZlP}O %é‘lf’ X\Fé? siace it Wik ¢ i on

band 403 at atch@eadthe Qiﬂelfdrﬁgglghﬂ &sBedihlly if e ihéferpy any ﬁ% ANlsHhod 0 MHz 30away
from the Bl uetoothO receiver's passband region ereas an LTE signal
transnitted (s tod AN verydpvest ﬁ%@%@@%ﬁ%ﬂwe?%@%Itheslowﬁéuofse| ect

filter's stape @W@@#@MHM}J@LU% 2L él%ﬂl\l@@mo@%gaasslrﬁﬂg MRS BPmdB. - 13-

It can be noted that whereas the freq uencg used an LTE transmtter in
this exa]rgpl eijlifyde fgpgdom oksthey hard; selgri vei fitsne@3 Jéhhqmwnﬁ(?e‘i‘ efRe kape Bl uet oot hO

recei ver W ldib& d8Qr ased chdhfe L8 Hy& E%ﬁbéﬁﬁ? iy lédlhﬁat% HaLQPLR. dgeei ver

will be of virtually no Inportance, oes not I nprove nmatters to
have t he Bl uethobe FoeiBeonymA ot epdraivs an@akeaxgﬂtacearﬂgﬁ wéarﬂsarot&neaazfdrcéquency at

the | over erblﬁie& ior, '@gda@@aﬁf'ﬁ idhh &F%s}ﬁ%ﬁ&r{%‘?gﬁﬁ%‘y ot a%lgzﬁltyto the LTE

signal is nor-is 1 rse I ions are by
means of a falttetqlmldeyaramtetfhengmgmﬂ wenid hofe thiellleShétthared so t hat the frequency
di stancgsto the LT rence .i.s the se.in ich the LTE

f
t r ansni Slt5er ist rahagﬁl‘ll% eEHdeon Ny SIQ%OFtEﬁP%ﬁ‘f%gt‘e ?Whi‘ttls @egﬁ“be seen t hat

i f this takesfeptaioes abmmnﬂ;’.ﬁ%n&\/ﬁm) 403, th&ttxaﬁqh&or&bdrﬁm@ahs ardcriont t he order

of 40 dB (since the LTE si. has certain ndwi dth, the entire signal
will not be MATFEFREgUeiAl ‘gﬂj f ayr Q}Stﬂ'@f"’ﬁé‘eaﬁﬂtﬁgé‘ﬁ“a&\}%ﬁl%‘aé‘ reiGIEGhRRINY ess)

the signal pawarthapashad 40w NedEeinalighilf iyedg wmya t\hditiodn@a0t Re order of
23 -15- 40 dBm = - 32dBm that is, below the dB conpression point. 15FI G

5 is a bl ocRUGUAGH ARy S?Peaﬁi}“%%FH?PWelJEV%deH%mCé@% e PP 4Oty to

20 may or may not be sufficiently attenuated to noticeably degrade receiver performance.

Adjacent to and on a side of each transition band 403 farthest from the
passband 401 is what is herein referred to as a stop band 405 of the band selective filter
203. The stop band for a filter can in a practical implementation be assumed to achieve
an attenuation on the order of, for example, 40-60 dB. Often, such high attenuation is

25  sufficient to ensure that interference from other systems does not cause any
compression in the front-end of the receiver.

It can seen from the graph 400 that an LTE signal transmitted at 2500 MHz will
only be marginally attenuated because it coincides with part of the Bluetooth®
receiver’s transition band 403 at a location close to (e.g., in this example only 10 MHz

30 away from) the Bluetooth® receiver's passband region 401, whereas an LTE signal

transmitted at 2570 MHz, well into the Bluetooth® receiver's band select filter's stop

band 405, will be attenuated by as much as 40 dB.



enabl e operation with any of a nunmber of enbodi nents consistent with the

i nvention. The UP 500 includes a first system 501 conprising a first
transcei ver 503. Co-located with the first system501 in the UE 500 is a
second system 505 conprising a second transceiver 507. The first and second
systens 501, 505 operate in accordance with 20 different air interface
standards relative to one another, and_pach can be any one of a nunber of
different types of technol ogi es as disclssed earlier. It is assumed that,

at | east under sdhendiemegdtiaanbesys thheeduengtussy by mmmamﬁatie@ibn a first
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encroachi ng .of the second st rris Si r£gi o f less than

maxi mum at t Rt SH tg?t 't ﬁtedso |1}°stm§m§% g‘nﬁs e a§ &Behg t%OQlﬁ@ sel ective filter

t hat resul tscommm)hteuha;ndces;mice(byumns‘ ofl at ferquencly nate Ilavtey ehdofcheiMbeldy 1 sol ate-
its receiver f t ste ran si on The UP 500
furt her 1 noi 8BS T RGeS BlatsboMt Fob P RP o8 ekt oH FemEit i ¢ ry

30confi gur edBmaosm@tcroaﬂmulanrbﬁsaﬁe Byl th&dns 3N freQeaEYht $HeSippPBend 3 theGOH SO as to
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equi pnent 5 i N accor ance spects o e Invenfion in an exenplary
enbodi ment . ﬁﬂ@n @atia,rbewvetbeb@il%cmnmldeipe@omo depi ct an exerrpl ary appar at us
600 co ising v Itr nf| uredt thefu ctions
descri ggé her ei nﬁqg}%ﬁé%ﬁgfgéﬁ? (S Iﬁ(gfgl C 18plalr?’ lﬁﬁé{%@%‘[ é?eg Célﬁlélrtré(t?on of a
comuni cat i enatdevpecaioh amhmgy af phuinhddriof ymbddimens ussendnt yith periatdnrign.
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t ranscei ver sviihngd ﬁﬂe@s@mfjmsﬁ tHel @D SOBis \A@Econd dystens SCDRENJrisaRsGetdnar . The
first and second transceivers can be co-located within a single device,

15such as wi'BRiCAive VY. The first andysegpe systsme ©0 1500 Prerale dxiccaidAd Wikfet her

transm 9gi oRgtddht b ent&eeO REndh@NSREIY R onBhRoth@USIANGCH (hkfgy 6RCErd N a
receiver of the first transceiver (decision block 601). If not ("NO" path

out of deci §P’@helb¥6€f@f%mpes plocsiietogiss a%@‘é‘b’ésqﬁieﬂé’dlet oit bél%t@}?@é‘ﬁﬂatﬁiécertal ni ng

whet her tr alibsdga ﬁgélggﬁlele}fcﬁlgﬁan%gg%dfuistr S Qgrﬁ%'()\f% ex%@or?@‘rl Eg deﬂ%)%ﬂ(der ence
20in a receiver of the first transceiver can acconpl i %I any of

nunber of wéligssecond system 505 operates on a second flequency wherein the second frequency

is within a passband range or a transition band of a band select filter of the first

25  system’s receiver. It is this encroaching of the second system’s signal into a region of
less than maximum attenuation of the first system’s receiver’s band selective filter that
results in the band selective filter’s inability to completely isolate its receiver from the
other system’s transmissions.

The UE 500 further includes a coexistence controller 509, which is circuitry

30  configured to control both the first and second systems 501, 505 so as to enable their

simultaneous operation as much as possible (i.e., it is desired to rely on filtering rather

than scheduling as much as possible to enable coexistence without detrimentally



For exanple, the interfering systemcan signal the fact that it is
transmtting and on what frequencies and at what power |evels. This
information can be sufficient for the affected systemto know when
interference exists. However, in alternative enbodi nents,
interference-rel ated paraneters are not 25expressly signaled, but are
instead inferred by the affected system, For exanple, the first transceiver
can measure received power as well as the bit error rate associated with a
recei ved si gifécting fhe theughpetail ¢gtlebr prviven). i1o enilgh theybetistenchicenterleo¥0ortat e i s
al so hi gh. 't hep, bl 5 AMDE L AER: 950 iddlgah 0 Of B SBLETRII &l be e
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necessary, n@tthdieetyildeeasss il ftedheengspétdhhdialdnfioR eseRbmplfy
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first 5transeBiERenS Fibt8ictetisq bovieasidgad (o nict 8 waIRY taraBrec0601), then
one or nolt doRpRkheHVENaR creSPPESEigafet tOBS AR tHeF@BonsIReS Bl RElHdE
ascertai ning whether the interference is at an acceptable | evel (decision
bl ock 608) and i fIh§@sRectyEgiciphintFIBup clect gpeipqno asoBEknEEBIN dvés t aki ng no
further i nt el eLeankgak§3PARSE@El o aatingTJ?Afgc&&E§%&% dofraf infl2Ct that the
interference may not actually constitute a problemfor the first
10t r anscei veesperseledilierphtenne of a plugpity dlecotiungcatien syliemst Weer¢inther f erence is a
pr obl em whengyer, Leo 2650 LLANSLEANEL ik LARSIHAL (0% Ner 8 PULBHE POver
exceedi ng, rsbg%é, i d(g%l % ot ogt;ﬁenrvmnser. TEor this reaseor(f,1 QIPCE I's useful in
sone enbodi remteiveor Thehfestsed srdnd yratseniv¢re camifearonioerodd witlliy a aingletdevien a
transm ssi onsu+hsast ailﬁlir?gu%l. ace and on which frequency/les, but also at what
power | evel. h wa the system 1l5experiencing the interference (in
thi s exanpl e, thén bnaBpect riginageitriasd whakerdaainiesinB el hier seb@ndswink@ivet 0
i i rferin
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not (“NO” path out of decision block 601), no further steps need to be taken.
Ascertaining whether transmissions by the second transceiver are causing interference
20 in areceiver of the first transceiver can be accomplished in any of a number of ways.
For example, the interfering system can signal the fact that it is transmitting and on
what frequencies and at what power levels. This information can be sufficient for the
affected system to know when interference exists.
However, in alternative embodiments, interference-related parameters are not
25 expressly signaled, but are instead inferred by the affected system. For example, the
first transceiver can measure received power as well as the bit error rate associated
with a received signal. If the received power is high but the bit error rate is also high,
then this can be taken as an indicator of problematic (i.e., unacceptable) interference.
Conversely, the second system might signal the fact that it is creating
30  interference, and yet the first system might nonetheless ascertain that the measured bit
error rate is at an acceptable level. Under such circumstances, no action is required

and the interfering system can continue to transmit at the original frequency. This is



| onever, if the interference is ascertained to be at an unacceptabl e |evel
("NO' path out of decision block 603), then one or nore interference
mtigation steps are 20taken (step 605), including conmunicating an
interference mtigation request to the second transceiver system The
interference mtigation request can be different in different enbodi nents.
I'n one enbodinent the interference mtigation steps include identifying how
much the second transceiver's signal needs to be reduced in order not to
have any 25skeibhdricsample phpeletaconsticd efribpdimenscenysent svithehef iovamtince. Taki ng
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However, if the interference is ascertained to be at an unacceptable level (“NO”
path out of decision block 603), then one or more interference mitigation steps are
20 taken (step 605), including communicating an interference mitigation request to the
second transceiver system. The interference mitigation request can be different in
different embodiments,
In one embodiment the interference mitigation steps include identifying how
much the second transceiver’s signal needs to be reduced in order not to have any
25 significant impact on the first receiver’s performance. Taking the example in which
the first transceiver is Bluetooth® communication equipment and the second
transceiver is mobile communication equipment operating in accordance with LTE
standards, identifying by how much the second transceiver’s signal should be reduced
can mean that the LTE signal power that reaches the Bluetooth® receiver’s low noise
30 amplifier should not exceed the 1 dB CP, but other criteria are also possible. The first
(e.g., Bluetooth®) transceiver then communicates an interference mitigation request to

the second (e.g., LTE) transceiver, requesting that the second transceiver either use less



| ower, a | arger range of frequencies can be allowed to be used by Lit
(e.g., frequencies above 2515 MHz). In another enbodi nent, the interfering
system ("second transceiver" in the context of this description, although
of course it is arbitrary which transceiver is 20considered a "first"
transcei ver and which is considered a "second" transceiver) is requested to
use a conpletely different frequency bapd. For instance, instead of
operating in the 2.5-2.69 GHz band, it mght be requested that the LTE
transcei ver OBy @PBCIAr U?@(i)ﬁwﬂ@rth@oh@ﬁb@wyf@éq@}éﬁcsytlb%ﬁ@wﬁat is
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used in the absence of interference in case the interference |level is
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above enbodi gefliSiontah@cspgui rements of the 5Bl uet oot hQ WAN Iink are taken
into account. For instance; for the first enbodi ment in which Bl uetooth(r)
equi pment was t hdn viegtaiie above, sheqBscapsiamuedl avEoRtEs 3 W sxamplgerdist vi t y
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margi n of, for exanple, dB due to t di stance between the communi cati ng
Bl uet oot h( r)is déwl@esa beqt @U@ﬁﬁh@ trafseciveT® reeeanac ethedr Thopasedivessansul d not
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frequency considered a “first” transceiver and which is considered a “second” transceiver) is
requested to use a completely different frequency band. For instance, instead of
operating in the 2.5-2.69 GHz band, it might be requested that the LTE transceiver
operate at 700 MHz or some other frequency band that is available.
Another example in which interference is a potential problem is when WLAN
25  equipment performance is interfered by LTE equipment. The embodiment described
above is applicable here as well. In another embodiment of the invention, which is
feasible for WLAN equipment, the interfered system is moved to another frequency
band. For example, if the IEEE 802.11g-compatible equipment, which operates in the
ISM band, experiences severe interference from LTE equipment, it might be found
30  advantageous to instead use 802.11a, which is similar to 802.11g, but with the

important difference being that it operates above 5 GHz. In this embodiment, the

(potential) victim system decides what frequency band to use depending on actually



band) that is in a region of higher attenuation by the band select filter
of the first transceiver's receiver than the present frequency of operation
is. The new frequency of operation for the second (interfering) system can,
for 20exanple, be in a stop band of the first transceiver's receiver's band
selective filter. Alternatively, the circuitry can ascertain an
amount by which the new frequency of opgration can be permtted to lie
outside a stop band of the first transceiver's receiver's band sel ect
filter whil eexpaiionced inierfgreacd feve LTEf Sinse gieveerpapgiohorndifics abbyver & 2.4
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The new frequency of operation for the second (interfering) system can, for
20 example, be in a stop band of the first transceiver’s receiver’s band selective filter.
Alternatively, the circuitry can ascertain an amount by which the new
frequency of operation can be permitted to lie outside a stop band of the first
transceiver’s receiver’s band select filter while maintaining a level of receiver
performance above a predetermined threshold. To facilitate this determination, the
25  first transceiver (i.e., the affected receiver) can receive information about a power level
used by the second transceiver’s transmissions. The first transceiver then utilizes the
information about the power level used by the second transceiver’s transmissions in a
process of ascertaining the amount by which the second (interfering) transceiver's new
frequency of operation can be permitted to lie outside a stop band of the first

30 transceiver’s receiver’s band select filter while maintaining a level of receiver

performance above a predetermined threshold.



-19- CLAIMS 1. A nethod of operating a conmuni cation device (500) having a
plurality of concurrently operating transceivers (503, 507), each operating
in a respectively different one of a plurality of comrunication systens,
wherein the plurality of 5concurrently operating transceivers (503, 507)
includes a first transceiver (503) and a second transceiver (507), the

nmet hod conpri si ng: the first trangcei ver ascertaining whether

transm ssions by the second transceiver are causing interference in a

recei ver of the flhedgtventicamzebeanalesafbod vithndeieficego parpeylfiorphiodgnastre or nor e
interferenc - y rel - ] 0 erence
response. actioraRr ol g o aerh A BHELD e AR, LAPER doBBAELET CTCE (s at
an accept abl @nlfody gle i(@08)n @andedific fooms biber thakthosg ofi hefeurboliereni ddsenitfedr ence
response act%oa§; and if the interference is ascertained to be at
an unacceptébpe'level, then communicating an interference mtigation
request ts5o the sdooadnipieaisihe daseriptidnls)wellhSahrae alaingt it 2@G be Rtatddahadt t he

second transgeiyver is operating on a first frequency in a first frequency
band ( LTE TOB NG RorEeE e OUE ERy Bl 6 aiigh et the “seconffiantee vy

transcei ver pgeSfo0ped gdfidifhriaftiock. SRGRRNE, ft el be ngyeddadithy(th&M Bardary Bian i s

di fferent froq%the first frequeq%% band (LTE TDD Bang, LI E FDD UL Extension
20 Band); t HBUFiaFSPatthizeAneiqnlyalsahtby 1o ipnr BRI OESheEsE) Ciighitxt ensi on
Band) at | eastindd&f bdhak b¥oRURMERARS: W &bt FRagdmpdendilu drdpAssbanend401) and
a transition band %403) of a band select filter (203) of the first

t r anscei Wer ' @ntrelies pUBanbe goysideggigo be part of the first anseeiyar0d mdae & infakingat i on

request incbﬁﬂﬁﬁcﬁtkﬁﬂMﬁﬁBeﬁ@(u&@&i§§§QQQn&Eﬁﬂﬁﬁﬁkﬂﬁﬂ¥g@%&dﬁd&%@%@b@perating
on the first frequency in the first frequency band (L1E TDD Band,
part of the second transceiver 507 when taking actions on behalf of the second

transceiver 507.
Thus, the described embodiments are merely illustrative and should not be
15 considered restrictive in any way. The scope of the invention is given by the appended
claims, rather than the preceding description, and all variations and equivalents which

fall within the range of the claims are intended to be embraced therein.



LTE FDD UL Extension Band) and instead to operate on a second frequency.

2. The method of claim1l, wherein: the request for the second
transcei ver to cease operating on the first frequency 30 in the first
frequency band (LIE TDD Band, LIE FDD UL Extension Band) and instead to
operate on the second frequency is a request for the second transceiver to
cease operating on the first frequency i.pgthe first frequency band (LTE TDD
Band, -20- LTE FDD UL Extension Band) and instead to operate on a second
frequency in the first frequency band GLABMSDD Band, LTE FDD UL Extension

Band) that is nor . the band.select filter. (203) of the first
t?gnécelver 2 recgfsé%&?ég%%%Fﬁ%nc?Wg“?(?gT1 V&G hbavg 2 glusality ot hod of
clai m 2, whercepawrently operatihg tramsceinersfi(5@3q G@T)c yach Spdrmirg mtacrespbandly( 405) of the
o 5 CooC R Bnd SEiry D BRMARRBEH shleich STnek R s o e ccond o

claim 2, conp cer ning second
frequency caﬁomﬂpélympletaecg transc¢izers lﬁiQsl d@7)andudepa lfiesn trapstOfver GD3Y4nd af i 1 St

transcei ver' §a£§§§h¥&5w§gﬁﬁgqhgﬁkgg ePh% t.er .(203) while maintaining a leve

of receiver perfornmance Hned threshol d. 155. The method of
claim4, conprisithgfirst transcelb’ﬂeistm’tammg whetberaiaugnissienehythagecond or mat i on

t and the
Frrst fr aneoor et il inederiftE A0 ERART B BT T8 T by

t he s ePSIMing ong eringrerinorfereaps rebpaisongionn a pr ocess of ascertaining
the amoupy by m'mrégkrﬂ%né‘?;?%?e 1@)&%%@&)@5 q%ge g)c?nogse Jdied to lie outside
the stop band (405) of the first transcerve ver s band sel ect

filter (203) whi|ascasiningaviithey the intoyietencé lsraeaeacv@tamaa‘velr(ﬂmﬁcmd atrove a
predet er m negled fAkRg A0 schthePintdiferdRE l?&gox%fe btk Anly, Wherein:

if the interference is ascertained to be at an unacceptable level, then
communicating an interference mitigation request to the second transceiver (605),
15 characterized in that:
the second transceiver is operating on a first frequency in a first frequency band
(LTE TDD Band, LTE FDD UL Extension Band);
the first transceiver is operating in a second frequency band (ISM Band) that is
different from the first frequency band (LTE TDD Band, LTE FDD UL Extension
20 Band),
the first frequency band (LTE TDD Band, LTE FDD UL Extension Band) at
least partially overlaps with at least one of a passband (401) and a transition band
(403) of a band select filter (203) of the first transceiver's receiver (200); and
the interference mitigation request includes a request for the second transceiver
25 to cease operating on the first frequency in the first frequency band (LTE TDD Band,
LTE FDD UL Extension Band) and instead to operate on a second frequency.

2. The method of claim 1, wherein:
the request for the second transceiver to cease operating on the first frequency
30  in the first frequency band (LTE TDD Band, LTE FDD UL Extension Band) and
instead to operate on the second frequency is a request for the second transceiver to

cease operating on the first frequency in the first frequency band (LTE TDD Band,



25t he request for the second transceiver to cease operating on the first
frequency in the first frequency band (LTE TDD Band, LTE FDD UL Extension
Band) and instead to operate on the second frequency is a request for the
second transceiver to cease operation on the first frequency in the first
frequency band (LTE TDD Band, LTE FDD UL Extension Band) and instead to
operate on a frequency in a third 30 freggency band (LTE FDD UL Extension
Band, LTE TDD Band); and -21- the third frequency band (LI E FDD UL
Ext ensi on Banell E ¥Pp UfDExtBagier) Baridg gndtinstpadtosipyratei dnhi secandstegperRangline405) of a
band sel ect fgdt TehEhbi t LWVver's.receiver (200). 57.The
ﬂirgt ﬂ;'cr]ue(ng9§gnd){!1[ be |15t§aﬁ ,L"l':Ea pﬁﬁ%lf Iﬁﬁtg?ﬁl% Wéﬁ@é%

met hod of claim1, wherein nterference m RHE| udes a
request for tafenusied oy he handseledt fidter €203 efdbcfirstrascived stre@ivee G00Rthan

transm ssi ont]g)g)frﬂlgatrfmlqgé/,pc is.8- An apparatus (600) for operating a

communi cation device (500) having a 10 plurality of concurrently operating
transcei vers (503, 507), each operating in a respectively different one of

a plurality of comRaRbEad bPLaisy s wipMherein the plurality of concurrently
operating transceivers (503, 507) includes a first transceiver (503) and a
second transcei vefe 559 éﬁeﬂllf?@cmpaﬂaton@ammi)i of ithregfirst transceiver’s rec@ivie€si t ry

(509) associ girxdelbiifike} P3)i rst transceiver and configured to ascertain 15
whet her transm ssions by the second transceiver are causing interference in
a receiver of the first transceiver (60)) and if so, to performone or nore

i nterferpnce4r espRRERsd bR Sm ﬂ‘@&ﬁﬁxiiﬁné:he one or nore interference
response actions incl ude: ascertai ning whether the interference

is at an accept aff€TRENAS A\ BBt binyhich tesecmdiftegnencaicam be pomititiéie
| Nterf er enceonaeRAG SO tRMst tranbdeivePErec LG BHnNE R ficPBAS] 8l ned to

be at an unacc.?pt able level, then communicating an Interferenc tigation
request to tYledpARAingalsue of (repiveramsiormarien pbave amredstirininet iaeshotdhe second
transceiver is configured to operate on any of a plurality of

15 5. The method of claim 4, comprising:
the first transceiver receiving information about a power level used by the
second transceiver’s transmissions; and
the first transceiver utilizing the information about the power level used by the
second transceiver’s transmissions in a process of ascertaining the amount by which
20  the second frequency can be permitted to lie outside the stop band (405) of the first
transceiver’s receiver’s band select filter (203) while maintaining a level of receiver

performance above a predetermined threshold.

6. The method of claim 1, wherein:

25 the request for the second transceiver to cease operating on the first frequency
in the first frequency band (LTE TDD Band, LTE FDD UL Extension Band) and
instead to operate on the second frequency is a request for the second transceiver to
cease operation on the first frequency in the first frequency band (LTE TDD Band,
LTE FDD UL Extension Band) and instead to operate on a frequency in a third

30  frequency band (LTE FDD UL Extension Band, LTE TDD Band); and



25 frequencies including a first frequency in a first frequency band (LTE
TDD Band, LTE FDD UL Extension Band); the first transceiver is operating in
a second frequency band (ISMBand) that is different fromthe first
frequency band (LTE TDD Band, LTE FDD UL Extension Band); 30the first
frequency band LTE TDD Band, LTE FDD UL Extension Band) at |east partially
overlaps with at |east one of a passband2y.401) and a transition band (403)
of a band select filter (203) of the first transceiver's receiver (200);
and - 22- t HE thift Eequepenkaad (LTE §RD YUh Bxtepsios Band)dITRIEBDeBanayli@st f or

t he second t riapsrRIVRithih Q d 8¢d [ eguency in the
first frequency§b_an% (Ll‘,I'EST Baggf,gs LTE‘S‘%B%QEEQE?{Q@*%%g%QWS) and i nstead

to operate orfeBsceersierefveedhcy. 5 9. The apparatus of clai'm 8, wherein:
the request for the second transceiver to cease operating on the first
frequency_in_the first frggue,nc?/ band (LTE TDD Band, LTE FDD UL Extension
Band) and’i ndt ead Reomeipet ot Haignl. prhereinihe interferenpsamitgation requestjuelsdesfaor t he -

second transeguseror te COMIUrARRNRE IGdRR alde i c)idn the first
frequency baE:d (LTE TDD Band, 10 LTE FDDale&)l'gI?td:eaﬁgscf{)Jﬁle%%ﬁ%ﬁl%g)ﬁ]cfoiwﬁgtead to

operate on a ¥ ond frequency in the first frequency band (LI E TDD Band,
LTE FDD UL Extension Band) that is nore attenuated by the band sel ect
filter (203)80f the first transceiver's receiver (200) than the first
frequency is°> 151¢P 3ARATaHSA8PQRRORsFatiag aicamegiunigatoredavice (500) having asecond

frequencyo i splusaliey of copulranty pteRingHanicBfels (563, slb*i)él&%g%wr%{i}. i £ceiver’s

band select filter (%%B%W 11. The apparatus of clalm conpri si ng:
20ci rcui try SESEReh et ¢peaia Plyraldy of popmueicstion savtems ovifergjuthed t o
ascertain arplaafinyiof c&muﬂkﬂt%ﬁe%n?%ﬁd&@vﬁfs‘?%ﬁ%% iR g ﬂ?&ft%géeggrt olie

outside a st(g%%baggﬁ%m(?é of the first transceiver's recelver nd sel ect
filter (203)“wHi PRT Srmeriyer{ Y 0y e appargtus eamympsisinger f or rance above a
predet erni ned t heeciiey @o92&t&i§b@wﬁﬁwmm&i@r%J%Jn%gu&gqpaéc%hm: .
circuitry agsogi a&a%d Wi 1 h E)hﬁ\11 first transceiver and configured to receive
whether transmissions by the second transceiver are causing interference in a receiver
of the first transceiver (601) and if so, to perform one or more interference response
actions,
wherein the one or more interference response actions include:
ascertaining whether the interference is at an acceptable level (603) and if so
20  then taking no further interference response actions; and
if the interference is ascertained to be at an unacceptable level, then
communicating an interference mitigation request to the second transceiver (605),
characterized in that:
the second transceiver is configured to operate on any of a plurality of
25  frequencies including a first frequency in a first frequency band (LTE TDD Band, LTE
FDD UL Extension Band);
the first transceiver is operating in a second frequency band (ISM Band) that is
different from the first frequency band (LTE TDD Band, LTE FDD UL Extension
Band);
30 the first frequency band LTE TDD Band, LTE FDD UL Extension Band) at
least partially overlaps with at least one of a passband (401) and a transition band (403)
of a band select filter (203) of the first transceiver's receiver (200); and



i nformati on about a power |evel used by the second transceiver's

transm ssi ons; and circuitry associated with the first transceiver
and configured to utilize the information about the power |evel used by the
second transceiver's transm ssions in a 30 process of ascertaining the
anount by which the second frequency can be perrnitted to lie outside the
stop band (405) of the first transceiver;,s receiver's band select filter
-23-  (203) while maintaining a |evel of receiver performance above a
predet erm ned t hr ditigtedferet®: Mhigat@panyadstimictiesd igtesBfor MeeE&nd trahicBRer €quest

for the secong e operati theflr uen in
the first fre ﬁéedr‘ﬁggﬁegglﬁ%%hﬁ%ﬁ%ﬁ%é and, L rgt% ﬂ@%%rfﬁgman dand
“instead to opefakBDAH. Extensachand) Andigstemtty dperate dreajiseaid f@jueidye second
transcei ver to cease operation on the first frequency in the first

frequency band and instead to operate on a frequency in a third frequency
band (LTESFDB- UL ke anpsiats dglaéin 8, WherddD 10 Band); and the third

f band (LEE, , oD, Band) | etel
w thin a stop bénﬁgé S LA BP0 o e ST oy PRSPl

transcei ver' & the digst ﬁUC(IQX)b?)nd (LB'MDIhBaapM@EDE'lﬂtEsﬂem:m Band)hed ei n t he

interference t.for t second

transcei ver ﬂ)ﬂ%gﬁ%ﬁg&ge éﬁ@ggﬁ% rané‘%:{::gejll8 IS% ‘g"%g‘rsr]r‘shs‘?ls%“ﬁ“g(g‘wéﬁ“‘lvéﬂ}8| 15. The

appar at us of CEFaPRArBing©a ity first fienur0eyHe ﬂwefbtsrﬁiequnmyslxaad VIETE TBOD7Bandgi rcui try

(209)  2oroc! BIECDH LD BxisRE 3008) dANSGSY Sherd 4nalon Heiferk 05 £E°1 VO T hE
NS6

interference mtigation re In res hereto ref*%“ﬁ%ﬁ ¥fm one or
mor e i nt er f eliShiequsngy byad ﬂ@ a‘&D Basd, LTE FDD UL Extension Band) that is more

attenuated by the band select filter (203) of the first transceiver’s receiver (200) than
the first frequency is.

15 10. The apparatus of claim 9, wherein:

the second frequency is in a stop band (405) of the first transceiver’s receiver’s
band select filter (203).

11. The apparatus of claim 9, comprising:

20 circuitry associated with the first transceiver and configured to ascertain an
amount by which the second frequency can be permitted to lie outside a stop band
(405) of the first transceiver’s receiver’s band select filter (203) while maintaining a

level of receiver performance above a predetermined threshold.

25 12.  The apparatus of claim11, comprising:
circuitry associated with the first transceiver and configured to receive
information about a power level used by the second transceiver’s transmissions; and
circuitry associated with the first transceiver and configured to utilize the
information about the power level used by the second transceiver’s transmissions in a
30 process of ascertaining the amount by which the second frequency can be permitted to

lie outside the stop band (405) of the first transceiver’s receiver’s band select filter
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15

20

-23-

- (203) while maintaining a level of receiver performance above a predetermined

threshold.

13.  The apparatus of claim 8, wherein:
the request for the second transceiver to cease operating on the first frequency

in the first frequency band (LTE TDD Band, LTE FDD UL Extension Band) and
instead to operate on the second frequency is a request for the second transceiver to
cease operation on the first frequency in the first frequency band and instead to operate
on a frequency in a third frequency band (LTE FDD UL Extension Band, LTE TDD

Band); and
the third frequency band (LTE FDD UL Extension Band, LTE TDD Band) lies

completely within a stop band (405) of a band select filter (203) of the first

transceiver's receiver (200).

14.  The apparatus of claim 8, wherein the interference mitigation request includes a

request for the second transceiver to reduce a second transceiver transmission power

level.

I5.  The apparatus of claim 8, comprising

the second transceiver (507);
circuitry (509) associated with the second transceiver and configured to receive

the interference mitigation request and in response thereto, to perform one or more

interference mitigation actions.



